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BACKGROUND AND SUMMARY OF THE INVENTION 
The present invention relates to a vehicle brake system and, more 

specifically, to vehicle speed determination portion. 

Modern road and rail vehicles are normally equipped with an antilock 
system which, in the case of road vehicles, is called an "ABS system," and, in 
the case of rail vehicles, is called a "nonskid system." ABS systems and 
nonskid systems have the purpose of controlling the brake pressures at 
individual wheels or axles of the vehicle such that a locking of the wheels or 
wheel sets is prevented, and the braking distance is minimized. For this type 
of a brake pressure control, the amount of slip at the individual wheels or axles 
are required which are determined from the respective wheel speeds and the 
actual vehicle speed. For this purpose, rotational wheel speed sensors are 
normally required, and an approximated value for the actual vehicle speed is 
computed from the individual rotational wheel speeds. This value will be 
called the "reference speed" in the following. 

Particularly in the case of poor coefficients of adhesion between the 
wheel and the roadway/track, the reference speed significantly influences the 
brake power control at the wheels. A "false" reference speed can, therefore, 
result in errors in the brake power control of the entire vehicle. Thus, for a 
good ABS or nonskid system control, a determination of the actual vehicle 
speed, that is, of the reference speed, is required which is as exact as possible. 
Particularly in the case of vehicles which only have a single independent 
system for the brake power control, in the event of a reduced coefficient of 



adhesion between the wheel and the rail, a protection must be ensured against 
individual errors. 

From German Patent Document DE3931 313 Al, an antilock system 
for a motorcycle is known in which one rotational speed sensor respectively is 
assigned to the front wheel and the rear wheel. For determining the wheel 
slips, a reference speed which approximates the actual vehicle speed is 
determined for the front wheel and the rear wheel respectively. 

The ABS and nonskid systems each conventionally have a single- 
channel construction, that is, the rotational wheel speed is sensed for each 
wheel or wheel group respectively by a single rotational wheel speed sensor. 
When a pulse generator, that is, a rotational wheel speed sensor fails, the 
assigned wheel or wheels is/are "unprotected," that is, they can no longer be 
controlled corresponding to the rotational wheel speed. 

If a defective rotational wheel speed sensor supplies a "false" wheel 
speed which is used to determine the reference speed, there is the risk that the 
brake pressure is erroneously reduced on all axles or that the traction is 
regulated in a faulty manner or is regulated down on all axles. 

So that faulty rotational wheel speed signals, if possible, will not 
falsify the reference speed value, algorithms for computing the reference speed 
known from prior art originating from the applicant have a "detection" of 
faulty signals, but a reliable detection of all possible faults requires very high 
expenditures. In addition, already during the "fault disclosure time," faults can 
have such an effect on the computation of the reference speed that the brake 
power control is disadvantageously affected. 



It is an object of the invention to provide a brake system which is 
optimized with respect to the determination of the actual vehicle or reference 
speed and, also in the event of a sensor, leaves no wheel unprotected. This 
object is achieved by the present system. 

In the case of a brake system having an electronic brake unit and 
rotational wheel speed sensors connected thereto, the basic principle of the 
invention consists of assigning to each wheel to be monitored and to each 
wheel group to be monitored at least two wheel sensors respectively. During 
the operation, all wheel sensors present in the vehicle are constantly 
monitored. However, the reference speed approximating the actual vehicle 
speed is determined at any point in time using only one of the rotational wheel 
speed signals sensed by the wheel sensors. Which of the existing rotational 
wheel speed sensors should instantaneously be selected and considered 
decisive for the reference speed is determined according to the invention as a 
function of the actual driving condition and at least one defined speed 
criterion. The invention, therefore, provides an ABS or nonskid system with a 
fault tolerance against a failure of a speed sensor. 

In simplified terms, the system examines whether the vehicle is just 
being braked or accelerated or is coasting without being driven. As a function 
of the present driving condition, one of the "higher" measured or of the 
"lower" measured wheel speeds is used as the basis for determining the 
reference speed, which will be explained in greater detail. 

According to a further development of the invention, in the case of a 
braked vehicle, the reference speed is determined according to the second- 



highest wheel speed. As an alternative, it can also be provided that, in the case 
of a braked vehicle, the minimum speed is determined first from each 
"rotational speed pair" of the mutually assigned rotational wheel speed 
sensors. The reference speed will then be determined according to the 
instantaneous maximum of these minimum speeds. 

In the case of an unbraked vehicle, particularly in the case of a driven 
vehicle (traction), the reference speed can be determined according to the 
second-lowest wheel speed. As an alternative, it can be provided that, in the 
case of an unbraked vehicle, the maximum speed is first determined from each 
rotational speed pair, and that the reference speed will then be determined 
according to the minimum of these maximum speeds. 

It is, therefore, ensured during the braking that a disturbance-caused 
excessive speed signal does not influence the reference speed. 
Correspondingly, in the case of an unbraked vehicle or in the "traction" 
condition, a disturbance-caused wheel speed signal which is too low is 
"blinded out" or filtered out. 

The detection of the rotational wheel speed signals can take place 
either by a single control unit or, as an alternative, can be distributed on 
several control units when, for example, the number of available inputs of a 
control unit is not sufficient. In the case of a distribution on several control 
units, the wheel speed signals are mutually exchanged between the control 
units by a data bus. 

Since, according to the invention, two rotational wheel speed sensors 
are assigned to a wheel or a wheel group respectively, it must also be 



determined which of the two rotational wheel speed sensors is to be decisive 
for the brake power control, that is, the ABS or nonskid system respectively 
and the ASR control at the respective wheel or the respective wheel group. 
First, when considering the ABS and nonskid control respectively, the 
following may be provided: 

a) The ABS and nonskid control, respectively, are based on the higher 
wheel speed of the wheel speeds supplied by the mutually assigned wheel 
sensors, specifically when, in a driving condition, the "protection against an 
erroneous releasing of the brake" has the highest priority, for example, in the 
case of a single-driving vehicle; or 

b) the ABS or nonskid control, respectively, is based on the lower 
wheel speed of the two wheel speeds when "the antilock protection" has the 
highest priority, for example, in the case of a train consisting of several cars. 

With respect to the wheel slip control system (ASR or antislip control) 
of a wheel, the following can be provided: 

a) The ASR control is based on the lower of the two wheel speeds 
when the "protection against an erroneous reduction of the traction force" has 
the highest priority; or 

b) the ASR control is based on the higher of the two wheel speeds 
when the spin of a wheel is to be prevented with the highest priority. 

According to a further development of the invention, all rotational 
wheel speed signals are subjected to a plausibility check by an electronic 
monitoring unit. When a fault is detected for a rotational wheel speed signal 
or when a rotational wheel speed signal is considered implausible, which can 



be caused, for example, by a sensor failure or by sensor signal peaks because 
of external electromagnetic interference fields, after a corresponding "fault 
disclosure time" (time duration until the fault is detected), this rotational wheel 
speed signal is no longer included in the determination of the reference speed 
and also no longer into the controlling of the braking or driving force of the 
assigned wheel or wheel group. In such a case, only the second "channel," 
that is, the other assigned rotational wheel speed sensor, is still analyzed. 

The invention is, therefore, based on the assumption that not the 
electronic unit but the "periphery," that is, particularly the sensor system, 
represents the main fault source. The reason is that sensors fail considerably 
more frequently than the electronic brake unit itself. In contrast to the above- 
mentioned German Patent Document DE 39 31 313 Al, the invention moves 
away from the "idea of the dual-channel characteristic of the reference speed," 
according to which an "own" reference speed is defined for individual wheel 
and wheel groups respectively. 

On the contrary, according to the invention, a "double," that is, truly 
redundant, rotational speed detection is provided. An individual fault of a 
sensor, therefore, does not affect the entire brake control of the vehicle 
because, in addition to the faulty speed information, an intact speed 
information of the "affected" wheel or of the concerned wheel group is still 
present. 

A central point of the invention in this case is the above-described 
"selection logic." The selection logic permits a fast and simple decision as to 
which of the two mutually assigned sensors, for safety reasons or for 



availability reasons, supplies the "more precise or more realistic" signal. 
Thus, that sensor of a pair of sensors can be "separated out" very rapidly, that 
is, already during a fault recognition time, whose inclusion has an unfavorable 
effect on the control target; for example, whose inclusion into the reference 
speed would have a disadvantageous effect on the driving safety. An 
individual sensor cannot, therefore, influence the reference speed 
determination in such a manner that all or some of the vehicle brakes are 
erroneously "debraked." 

In particular, the individual brake pressure control of the wheel 
affected by an individual fault of a sensor can, as a rule, be implemented to an 
unlimited extent. If the faulty sensor can be determined, after the expiration of 
the fault recognition time, the intact sensor is automatically used which is 
always available here to the logic for this wheel, so that no losses have to be 
accepted with respect to the controllability. Before the expiration of the fault 
recognition time or in the case of faults where it cannot be decided which of 
the two differing sensors is faulty, corresponding to the above-explained 
criteria, a decision is made either in favor of the driving safety or in favor of 
the availability. In the case of a decision in favor of the driving safety, that 
sensor is considered to be "valid" which indicates the lower wheel slip, that is 
the lower braking. In the case of a decision in favor of the availability, that 
sensor is considered to be "valid" which indicates the higher wheel slip, that 
is, which indicates a greater braking of the wheel or wheel group. 

In comparison to conventional brake systems, in which in each case 
only one rotational speed sensor is provided for determining the wheel speeds, 



the reference speed determination according to the invention is based on a 
larger number of sensor signals, which improves the protection against faults 
or the detectability of faults. 

The advantages of the invention can be summarized as follows: 

1 . An individual fault during the detection of the wheel speed will 
never affect the reference speed formation such that the braking force or a 
portion of the braking force of the vehicle or the driving force of the vehicle is 
completely reduced. This applies also when only one control unit is used. 

2. The possibilities for detecting implausible rotational wheel speed 
signals are significantly improved because the number of detected rotational 
wheel speeds is large, and the speeds can be centrally compared with one 
another. 

3. As a result of the redundant rotational speed detection, two 
rotational speed signals of a wheel can always be included in the control. The 
wheel, therefore, also remains protected when one of the two rotational speed 
signals fails. 

4. The "2-channel characteristic" can be implemented in a cost- 
effective manner by using only one control computer. In contrast to a single- 
channel system, only double pulse generators or two individual rotational 
speed generators are required. The use of two control units is not absolutely 
necessary. 

Other aspects of the present invention will become apparent from the 
following detailed description of the invention, when considered in 
conjunction with accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic representation of a vehicle incorporating a 
brake system according to the principles of the present invention. 

Figure 2 is a simplified representation of the construction of the 
electronic brake unit according to the principles of the present invention. 

Figure 3 is a view of an embodiment of a 4-axle vehicle with axles 
which are independent with respect to the rotational speed with a brake system 
according to the principles of the present invention. 

Figure 4 is a view of another embodiment of a 4-axle vehicle with 
axles which are independent with respect to the rotational speed with a brake 
system according to the principles of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 illustrates a rail vehicle 1 having a first bogie 2 and a second 
bogie 3. The two vehicle axles 4, 5 are assigned to the first bogie 2, and the 
two vehicle axles 6, 7 are assigned to the second bogie 3. The wheel axle 4 is 
kinematically coupled with the wheel axle 5, which is indicated here only by a 
schematically illustrated connecting rod. The wheel axles 4, 5, therefore, have 
the same actual rotational wheel speed. The same applies to the wheel axles 6, 
7. The wheel axles 4, 5, as well as the wheel axles 6, 7, therefore, each form a 
"wheel group" with the same actual wheel speed. 

The wheel speeds of the wheel axles 4-7 are sensed by assigned 
rotational wheel speed sensors 8-11. The rotational wheel speed signals 
supplied by the rotational wheel speed sensors 8-11 are analyzed by a control 
unit 12, which correspondingly controls the brakes of the bogies 2 and 3. 
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In the case of a normal brake system, the rotational wheel speed 
sensors 8, 9 and 10, 11, respectively, would supply identical signals. 
However, as a result of sensor interferences or external interfering influences, 
such as electromagnetic interfering fields, the sensor pairs 8, 9 and 10, 11, 
respectively, may deviate from one another. As a function of the respective 
driving condition, that is, depending on whether the vehicle is braked or 
unbraked, by means of a speed criterion, a sensor which is to be considered 
valid can be selected from the sensor groups 8, 9 and 10, 1 1, respectively. 

In the case of a braked vehicle, for example, the reference speed can be 
determined on the basis of the rotational wheel speed sensor 8-11 which has 
the second-highest wheel speed. As an alternative, from each of the two 
sensor pairs 8, 9 and 10, 11, respectively, the sensor with the minimal speed 
per pair can be selected. From the two minimal speed sensors, the maximal 
speed can then be selected for determining the reference speed (min-max 
selection). 

In the case of an unbraked vehicle, the reference speed can be 
determined on the basis of the second-lowest wheel speed measured by the 
rotational wheel speed sensors 8-11. As an alternative, first a maximal 
selection can be made from the two rotational speed pairs. Finally, from the 
two maximal speeds, the lower one can be used for determining the reference 
speed (max-min selection). 

The brake pressure control at the wheel axles 4-7 can take place 
corresponding to the above-explained safety or availability criteria. 



Figure 2 is a simplified view of the algorithms implemented in a 
control unit according to the invention. The measured rotational speed signals 
v, are fed to three blocks, specifically, a plausibility control 13, an algorithm 
14 for computing the reference speed v ref , as well as a control algorithm 15 for 
controlling the driving/braking force z ; of an individual wheel or of a wheel 
group. 

The plausibility algorithm 13 makes a "rough selection." In this case, 
it checks whether individual rotational wheel speed signals v, are not realistic 
at all and should, therefore, be separated out by providing signals to the 
reference speed algorithm 14 and control algorithm 15. 

A reference speed v ref is formed from the rotational wheel speed signals 
according to the above-explained driving condition and speed criteria. In this 
case, the reference speed computation v ref is always "oriented" or determined 
according to a single rotational wheel speed signal. "Orienting" means that the 
reference speed is not necessarily set to be identical with the instantaneously 
decisive rotational wheel speed signal but that the rotational wheel speed 
signal enters the reference speed possibly in a filtered or smoothed manner in 
order to obtain a "smooth" speed course or one that is as realistic as possible 
and which is approximated to the actual vehicle speed as well as possible. 

Taking into account the rotational wheel speed signals v ; and the 
reference speed v ref , the control algorithm 15 determines the wheel slips 
occurring at the individual wheels or wheel groups and, as a function thereof, 
controls the driving or braking forces by output signal z ; . 
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Figure 3 shows a schematic embodiment of the nonskid or antislip 
system of a 4-axle vehicle. In contrast to Figure 1, the axles 4-7 are not 
mutually coupled with respect to the rotational speed. Each axle's speed is 
monitored by a pair of sensors. The rotational speed detection is distributed 
here to two "modules," specifically to the control unit 12 and to an expansion 
module 16 which are connected with one another by a data bus 17. This 
means a portion of the rotational wheel speed signals, for axles 4 and 7, for 
example, is fed directly to the control unit 12, and another portion of rotational 
wheel speed signals, for axles 5 and 6, for example, is fed to the expansion 
module 16. From the expansion module 16, the rotational wheel speed signals 
are sent to the control unit 12. However, the above-explained control 
algorithms are implemented in the control unit 12. 

Figure 4 also shows an embodiment of a nonskid or antislip system for 
a 4-axle vehicle with independent axles. However, in contrast to Figure 3, a 
separate control unit 12, 12' for the braking force control is assigned here to 
each of the two bogies 2 and 3. In control unit 12, rotational wheel speed 
signals v 1? v r , v 2 , v 2 . are supplied, and in control unit 12', rotational wheel 
speed signals v 3 , v 3 ., v 4 , v 4 , are supplied. Therefrom, brake control signals 18 
to 21 for the axles 4 to 7 are computed by the control units 12, 12'. 

Although the present invention has been described and illustrated in 
detail, it is to be clearly understood that this is done by way of illustration and 
example only and is not to be taken by way of limitation. The spirit and scope 
of the present invention are to be limited only by the terms of the appended 
claims. 



